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The Network of Excellence on Micro-Optics, NEMO, 
founded and funded by the European Commission in its 
2nd call under Framework 6 and running successfully 
since September 1st 2004, aims at strengthening the 
emerging technology of micro-optics in Europe by pro-
viding a complete food-chain for micro-optical compo-
nents and systems. 
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Programme and Schedule of Workshop  
Micro-Optics: Benefits for Industry 
 
31st October 2006  
Mikrocentrum, Eindhoven, Netherlands 
 
 
 
9:30 to 9:40 Welcome and Introduction 
 Mat Josquin, Manager New Business, Mikrocentrum 
  
9:40 to 10:20 NEMO - a Powerful Tool for Micro-Optics in Europe 
 NEMO - the European Network on Micro-Optics, an overview 
Hugo Thienpont, Vrije Universiteit Brussel 
 NEMO Industrial User Club (IUC) 
Tomasz Nasilowski, Vrije Universiteit Brussel 
  
10:20 to 11:00 NEMO Service Centres I - Capabilities and Services to Industry 
 Centre for modelling of micro-optical components 
Pierre Chavel, CNRS - Institut d’Optique Théorique et Appliquée 
 Centre for prototyping, mastering and replication 
Jürgen Mohr, Forschungszentrum Karlruhe 
  
11:00 to 11:30 Coffee break 
  
11:30 to 12:45 NEMO Service Centres II - Capabilities and Services to Industry 
 Centre for measurement of micro-optical components and new measurement tools 
Heidi Ottevaere, Vrije Universiteit Brussel 
 Centre for assembly and packaging of micro-optics 
Pentti Karioja, VTT Electronics, Optoelectronics 
 Centre for reliability and standardization issues 
Jürgen Mohr, Forschungszentrum Karlruhe 
  
12:45 to 13:45 Lunch break 
  
13:45 to 14:30 Food Chain in Micro-Optics I - Micro Lenses 
 Use and advantage of micro lenses in imaging applications 
Andreas Brückner, Fraunhofer Institute for Applied Optics and Precision Engineering 
 Simulation, fabrication and characterization of micro lenses and lens arrays 
Heidi Ottevaere, Vrije Universiteit Brussel 
  
14:30 to 15:10 Food Chain in Micro-Optics II - Fibre sensors 
 Fibre sensors for strain and temperature measurement  
Jan Van Roosbroeck, Fibre Optic Sensors & Sensing Systems 
 Design, fabrication and characterization of new fibres for sensor applications 
Tomasz Nasilowski, Vrije Universiteit Brussel 
  
15:10 to 15:40 Coffee break 
  
15:40 to 17:00 Application Fields of Micro-Optics 
 Emerging applications of resonant DOEs 
Olivier Parriaux, CNRS - TSI Lab, Saint-Etienne University 
 Diffractive and sub-wavelength micro-optics for light management 
Andrew Waddie, Heriot-Watt University 
 Infrared micro-optics 
Peter Muys, Laser Research Optics Europe 
 Optical interconnections at the PCB level 
Peter van Daele, Universiteit Gent – INTEC 
  
17:00 to 17:10 Industrial Users Club - Summary and Conclusions 
 Tomasz Nasilowski, Vrije Universiteit Brussel 
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In present and future broadband networks, multigigabit transmission over longer distances is only 
feasible via optical interconnections that form the very heart of the network. Worldwide ongoing 
research aims at the extension of the optical interconnect to the board level and to the switching level. 
In spite of repeated predictions that the all optical interconnect is soon going to replace electrical 
interconnect on the board level, this turned out not to be yet the case. Several reasons can be given for 
this, but the two most important ones are that it turned out to be more difficult than expected to inte-
grate optical interconnect in an easy and cost effective way into or onto a board. The second reason is 
that, as can typically be expected from a technology with a large investment base, the possibilities in 
terms of maximum bitrates of electrical board interconnect are continuously being upgraded, post-
poning the need for replacement by optical interconnect. Many systems are rack-based backpanel 
configurations with interconnection lengths ranging from a few centimeters to a few meters. It is 
crucial that, in order to be accepted by system engineers and designers and in order to be low cost, the 
introduction of optical interconnections on this level should be completely compatible with existing 
board-technology. Therefore the optical interconnections should be integrated in FR4-based PCB’s 
both in view of the optical layer itself as well as the coupling of light to and from this optical layer to 
optoelectronic components and/or fibers. The same can be said of the interconnections at even shorter 
distances (on MCM-level) where compatibility should be sought with existing MCM-technology, 
chip-packaging and Chip-on-Board technologies. 
The goal of the Workpackage 9 of the NEMO-network is to investigate the potential of micro-optics 
for achieving this goal of integrating optical interconnections on printed circuit boards and on MCM-
level. As stated above, it is clear that for achieving a low cost solution, compatibility with existing 
technology should be sought. This implies, in most cases, alignment tolerances of traditional electri-
cal packaging and mounting technologies which are not in line with required optical performances. 
Therefore micro-optics will play a crucial role in achieving good optical performances, together with 
existing tolerances within the board manufacturing technology. 
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Application Fields of Micro-Optics
Optical Interconnections
at the PCB level
Peter Van Daele 1
1 Ghent University, INTEC (B)
peter.vandaele@intec.ugent.be
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Outline
• Options
• Rationale
• Fiber-based Optical Interconnections
• Waveguided Optical Interconnections
• Optical coupling
• Conclusions
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Optical interconnections
Telecom : long haul ----- LAN
Rationale
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(IEEE Spectrum)
Optical interconnections
Even shorter distances?
Rationale
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Optics have proven their potentials for
• high density
• long distances
Introduction of optics into short distances:
• coupling technology is challenging
• optical technology should be compatible with existing technology
Rationale
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Open any consumer electronic system and what will you see?
Rationale
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A printed circuit board (PCB)…
Optical interconnections at this level ► integrated with PCB…
Rationale
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Fiber - Board
OE - Board
Connector - Board
Rationale
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BPA «OPTICAL BACKPLANES : A global market and technology review 2000-2005 », Report #762
 First generation :
Discrete optical fiber
interconnects
 Second generation :
Flexfoil interconnects
 Third generation :
Embedded optical
& Free-space
1990 2000 2010
Interconnect density
(Gbps/mm²)
Rationale
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• Optics on PCB-level
 fibers
- glass fibers
- polymer fibers
 waveguides
Options
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• Optics on PCB-level
Fibers require:
- length for 
‘re’-cleaving
- min. Rcurvature
Fiber-based
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• Fibers in flex
Fiber-based
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(ACTS - PLATO)
Fiber-based
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- substrate: FR4, Ceramic, Glass, Si,...
- waveguiding material: ORMOCER, polymers, SU8
Sol-Gel, Fibers, glass, ....
- coupling structures: Ablated, gratings, LIGA-inserts, 
DLP-inserts, Laser-writing, Glass inserts....
In-board optical interconnections
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• Fibers in FR4-boards
Connectors
at the edge?
Coupling
out-of-plane?
Embedded fibers
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Fiber from FZK – UG for initial tests (bare fiber + embedded)
FZK FR4-substrates with embedded fibers
► UG laser-cleaving of embedded fibers
Embedded fibers
4mm
2mm
soldered joint
substrate
oe-chip
optically clear 
alignment 
structure with 
V-groove
security clip
optical fiber
Position tolerances
oe-chip – substrate: 5 µm
alignment structure – substrate: 5 µm
2.5
4 m
m
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m
m
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m
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• Waveguides in FR4-boards
cladding core
cladding
Connectors
at the edge?
Coupling
out-of-plane?
Waveguide-based
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• Waveguides in glass sheets ?
Thin glass sheets integrated in FR4-stack
► etching of waveguides
► UV-sensitive glass
► ablation of waveguides
►….
www.ppc-electronic.com
Waveguide-based
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Ferrule + fiber ribbon
Edge emittor - VCSEL - Detector
Optical coupling
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• Inserts can be any material
(Joined development INTEC-AKZO Nobel)
Optical coupling
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Truemode with ablated cavities (UG) + DLP inserts (VUB)
UG: FR4-substrate + Truemode layers
waveguides – UV-defined
laser-ablated end-facets & cavities
► VUB: fabrication of DLP-inserts
mounting
characterisation
FR4 substrate
TrueMode optical layer
DLP-fabricated coupling component
Laser ablated hole
Optical coupling
31/10/2006 23Workshop “Micro-Optics - Benefits for Industry”, Eindhoven, Netherlands
Truemode with ablated cavities (UG) + DLP inserts (VUB)
UG: FR4-substrate + Truemode layers
waveguides – UV-defined
laser-ablated end-facets & cavities
► VUB: fabrication of DLP-inserts
mounting
characterisation
Optical coupling
DLP out-of-plane 
coupling component
Source 
MMF
Source 
MMF
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Optical coupling
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Optical coupling
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E. Griese,
PC FAB,
June 2002
Optical coupling
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NEMO parallel optical interconnect demonstrator
• To demonstrate 4-channel optical interconnect on FR-4 board with 
integrated waveguides and fully passive alignment assembly 
• Based on VTT’s demonstrator with 4-channel 10Gb/s/ch transmitter and 
receiver modules integrated on LTCC substrates 
Where do we go from here?
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NEMO parallel optical interconnect demonstrator
Passives 
VCSEL / PIN array, 
(flip-chip)
Driver / Receiver IC
BGA
Microlens arrays
Waveguide 
core 
Top-cladding 
LTCC
PWB
Where do we go from here?
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Single layer
► Multiple layers
Where do we go from here?
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Where do we go from here?
Rigid substrate
► Flex substrate
31/10/2006 31Workshop “Micro-Optics - Benefits for Industry”, Eindhoven, Netherlands
• Optics in PCB’s
 Fibres: proven - Waveguides: to be investigated
• Optical coupling
 Micro-optical parts required
 Inserts or in-layer fabrication
 Coupling to OE or connectors
• Optimise technologies for optical interconnections
 Compatible with FR4-processing
• Watch out: costs can be extremely high
Conclusions
